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(57) Abstract 



An electrical circuit package has electrical components connected to a lead frame (22) in a manner that minimizes the height of 
die package. The lead frame has a plurality of leads (24) that are typically connected to an integrated circuit. Some of the leads have 
fingers that extend into openings within the lead frame. The electrical components (32, 34) arc coupled to the lead frame by pushing the 
components into the openings. The fingers within the openings are deflected by the insertion of the components. The deflected fingers 
create spring forces that push the electrical components into contact with the leads. The integrated circuit components arc encapsulated by 
an outer plastic shell. The lead frame is then cut and typically bent into a final package configuration 
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THIN PROFILE INTEGRATED CIRCUIT PACKAGE 

BACKGROUND OP THB INVENTION 

1 . FIELD OP THE INVENTION 

The present invention relates to an electrical 
circuit package. 

2 . DESCRIPTION OP RELATED ART 

Integrated circuits (ICs) are commonly housed 
within a package that is mounted to a printed circuit 
board. To minimize cost, the packages are typically 
formed by a plastic injection molding process which 
encapsulates the integrated circuit with a hard plastic 
outer shell. The package also contains a lead frame 
that is connected to the integrated circuit and 
partially encapsulated by the plastic shell. The lead 
frame has a plurality of leads that extend from the 
plastic shell and are typically bent so that the leads 
can be soldered to a printed circuit board. 

The integrated circuit receives power and digital 
signals from external sources through the printed 
circuit board and leads of the package. The power 
provided to the IC may contain "noise" components that 
can adversely affect the performance of the circuit. It 
is sometimes desirable to incorporate a filter circuit 
into the IC package to remove the undesirable noise. 

Figure 1 shows a prior art lead frame assembly 
which has a plurality of capacitors 2 mounted to the 
leads 4 of a lead frame 6. The leads 4 are connected to 
an integrated circuit 8 that is mounted to a die paddle 
10 of the lead frame 6. The capacitors 2 are mounted to 
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paddle portions 12 of the lead frame 6 and connected to 
the power and ground pins of the integrated circuit to 
filter the power supplied to the IC. The lead frame 
assembly is encapsulated by a plastic shell (not shown) 
and typically cut and bent into a final configuration. 

The advent of cellular phones, personal 
communicators and other small electronic systems has 
increased the desire for relatively thin integrated 
circuit packages. Depending upon the size of the 
capacitors, the lead frame assembly shown in Fig. 1 may 
be taller than a conventional package that does not have 
such capacitors. The taller package will increase the 
thickness of the final product. It would be desirable 
to provide a relatively thin integrated circuit package 
that has capacitors connected to the lead frame of the 
package . 

SUMMARY OP THE INVENTION 

The present invention is an electrical circuit 
package which has electrical components connected to a 
lead frame in a manner that minimizes the height of the 
package. The lead frame has a plurality of leads that 
are typically connected to an integrated circuit. Some 
of the leads have fingers that extend into openings 
within the lead frame. The electrical components are 
coupled to the lead 'frame by pushing the components into 
the openings. The fingers within the openings are 
deflected by the insertion of the components. The 
deflected fingers create spring forces that push the 
electrical components into contact with the leads. The 
integrated circuit and components are encapsulated by an 
outer plastic shell. The lead frame is then cut and 
typically bent into a final package configuration. The 
assembled electrical components are symmetrically 
located about a center section of the lead frame, 
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wherein a top portion of each component extends from a 
top surface of the lead frame and an- equal bottom 
portion of each component extends from an opposite 
bottom surface of the lead frame. Locating the 
electrical components within openings of the lead frame 
reduces the profile of the assembled components and the 
overall height of the final package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the present invention 
will become more readily apparent to those ordinarily 
skilled in the art after reviewing the following 
detailed description and accompanying drawings, wherein: 

Figure 1 is a perspective view of a lead frame 
assembly of the prior art; 

Figure 2 is a perspective view of a lead frame 
assembly of the present invention; 

Figure 3 is an enlarged perspective view showing a 
pair of capacitors attached to a lead frame; 

Figure 4 is a cross-sectional view of the lead 
frame assembly within a plastic integrated circuit 
package. 

DBTAIMBP DESCRIPTION OF THE INVENTION 

Referring to the drawings more particularly by 
reference numbers , Figure 2 shows a lead frame assembly 
20 of the present invention. The lead frame assembly 20 
includes a lead frame '22 that contains a plurality of 
leads 24. The leads 24 are typically copper Conductors 
that are etched into a desired pattern. 

The lead frame 22 has a die paddle 26 that supports 
an integrated circuit die 28. The die 28 is typically 
bonded to the paddle 26 with an adhesive or epoxy. In 
one embodiment, the die 28 may be mounted to the die 
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paddle 26 with a bonding agent that electrically grounds 
the integrated circuit 28 to the paddle 26. The 
integrated circuit 28 typically has a plurality of 
bonding pads 30 located at the outer perimeter of the 
die 28. The bonding pads 30 are connected to the leads 
24 by bonding wires 32. Although wire bonds 32 are 
shown and described, it is to be understood that the 
lead frame 22 can be connected to the integrated circuit 
with other means such as tape automated bonding. 

As shown in Figure 3, the lead frame assembly 20 
has a pair of capacitors 32 and 34 attached to the lead 
frame 22. Each capacitor typically has a pair of 
conductive terminal plates 36 separated by a dielectric 
material 37. Capacitor 32 is located within an opening 
3 8 formed by a pair of leads 40 and 42. Likewise, 
capacitor 34 is located within an opening 44 formed by a 
pair of leads 46 and 48. The openings are preferably 
formed by Oshaped sections 50 of the leads. The leads 
40 and 48 are typically connected to the power pins of 
the integrated circuit 28. The leads 42 and 46 are 
typically connected to the ground pins of the integrated 
circuit 28. Connecting the leads to power and ground 
allows the capacitors 32 and 34 to filter the power 
provided to the integrated circuit 28 from an external 
source. Although the capacitors are described as 
filtering power, it is to be understood that the leads 
may be connected to 'other pins of the integrated circuit 
28. Additionally, although capacitors have been shown 
and described, other electrical devices such as 
resistors, transformer, etc. can be inserted into the 
openings of the lead frame 22. 

The capacitors 32 and 34 are held in place by a 
plurality of fingers 52 that extend from the leads and 
into the openings. The fingers 52 are deflected by 
inserting the capacitors into the openings. The 
deflected fingers 52 create spring forces that push the 
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capacitors into base portions 54 of the C-shaped lead 
sections 50. The fingers 52 typically have a cross- 
sectional area that is smaller than the cross-sectional 
area of the leads, so that the fingers 52 are deflected 
without significantly deflecting the leads. 

The inserted capacitors may also deflect the leads 
so that the terminal plates 36 are pressed into the neck 
portions 56 of the C-shaped sections 50. The pressure 
between the terminal plates 36 and the C-shaped lead 
sections 50 create an electrical connection between the 
capacitors and the lead frame 22. The spring forces 
also mechanically secure the capacitors to the lead 
frame. To improve the reliability of the package, the 
capacitors may be further secured to the lead frame by 
solder, epoxy, adhesive, etc. 

As shown in Figure 4, the integrated circuit 28 and 
capacitors 32 and 34 are enclosed by an outer plastic 
shell 58 to create an integrated circuit package 60. 
The outer shell 58 is typically formed by a plastic 
injection process. A portion of the leads 24 extend 
from the outer shell 58 so that the package can be 
soldered to a printed circuit board (not shown) . 

The capacitors are typically inserted into the lead 
frame openings so that the center of each capacitor 32 
is aligned with a center line CL of the lead frame 22. 
A top portion of the capacitor 32 extends from a top 
surface of the lead frame 22 and another equal bottom 
portion of the capacitor 32 extends from an opposite 
bottom surface of the lead frame 22. The profile of the 
assembled capacitors and the height of the overall 
package, as measured by the dimension "d" , is minimized 
by placing the capacitors within the openings of the 
lead frame. The package of the present invention is 
therefore thinner than conventional IC packages which 
have filtering capacitors incorporated therein. 
Although a plastic package is shown and described, it is 
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to be understood that the lead frame assembly can be 
used in other types of integrated circuit packages. 

The integrated circuit package is typically created 
by initially etching a lead frame from a sheet of 
copper. The lead frame is typically part of a strip or 
sheet that has a plurality of lead frames which allow a 
number of packages to be simultaneously formed. The 
copper sheet is preferably exposed to a double sided 
etching process to create the leads and the fingers 52, 
wherein the reduced area of the fingers is created by 
exposing only the fingers on one side of the sheet. 
Although an etching process is described, other methods 
such as laser ablation or stamping can be employed to 
create the lead frame and/or fingers. 

After the lead frame 22 is created, the capacitors 
32 and 34 are pushed into the openings 38 and 44, and 
secured to the lead frame 22 by the deflected fingers 
52. The lead frame 22 may be placed in a tool that 
limits the distance the capacitors can be pushed into 
the openings. 

After the capacitors are inserted into the 
openings, the die 28 is mounted to the die paddle 28 and 
connected to the leads 24 by the wire bonds 32 . The 
lead frame, die and capacitors are then placed in a mold 
that is injected with plastic. The plastic is cured and 
the encapsulated IC and lead frame are removed from the 
mold. The leads of the lead frame are then cut from the 
copper sheet and then typically bent into a final 
configuration. Although the method of forming the 
package is described as initially inserting the 
capacitors into the openings and then mounting the die, 
it is to be understood that these steps may be reversed. 

While certain exemplary embodiments have been 
described and shown in the accompanying drawings, it is 
to be understood that such embodiments are merely 
illustrative of and not restrictive on the broad 



WO 96/30943 



-7- 



PCT/US96/01766 



invention, and that this invention not be limited to the 
specific constructions and arrangements shown and 
described, since various other modifications may occur 
to those ordinarily skilled in the art. 
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CLAIMS 

What is claimed is: 

1 . A lead frame assembly for an electrical circuit 
package, comprising: 

a lead frame that has a lead, said lead having a 
pair of opposing wire bonding surfaces and a contact 
surface that is essentially perpendicular to said wire 
bonding surfaces; and, 

an electrical device that is connected to said 
contact surface of said lead. 

2. The assembly as recited in claim 1, wherein 
said electrical device is pressed into said contact 
surface by a spring force of a finger that extends from 
said lead. 

3. The assembly as recited in claim 1, wherein 
said lead frame has a die paddle. 

4. The assembly as recited in claim 1, wherein 
said electrical device is located between a pair of 
leads . 

5. The assembly as recited in claim 1 , wherein 
said electrical device is an electrically passive 
element . 

6. The assembly as recited in claim 5, wherein 
said electrical device is a capacitor. 

7. An integrated circuit package, comprising: 
an integrated circuit that has a plurality of 

bonding pads; 
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a lead frame that has a lead which is connected to 
said integrated circuit, said lead having a pair of 
opposing wire bonding surfaces that are essentially 
parallel with said bonding pads of said integrated 
circuit and a contact surface that is essentially 
perpendicular to said wire bonding surfaces; 

an electrical device that is connected to said 
contact surface of said lead; and, 

an outer shell that encloses said integrated 
circuit. 

8. The package as recited in claim 7, wherein said 
electrical device is pressed into said contact surface 
by a spring force of a finger that extends from said 
lead. 

9. The package as recited in claim 7, wherein said 
lead frame has a die paddle that can support said 
integrated circuit. 

10. The package as recited in claim 7, wherein 
said electrical device is located between a pair of 
leads. 

11. The package as recited in claim 7, wherein 
said electrical device is an electrically passive 
element . 

12. The package as recited in claim 11, wherein 
said electrical device is a capacitor. 

13. A lead frame assembly for an integrated 
circuit package, comprising: 

an electrical device; and. 
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a lead frame that has a lead, said lead having a 
deflected finger that pushes said electrical device into 
contact with said lead. 

14. The assembly as recited in claim 13, wherein 
said lead frame has a die paddle. 

15. The assembly as recited in claim 13, wherein 
said electrical device is located between a pair of 
leads. 

16. The assembly as recited in claim 13, wherein 
said electrical device is an electrically passive 
element . 

17. The assembly as recited in claim 16, wherein 
said electrical device is a capacitor. 

18. An integrated circuit package, comprising: 
an integrated circuit; 

an electrical device ,- 

a lead frame that has a lead connected to said 
integrated circuit, said lead having a deflected finger 
that pushes said electrical device into contact with 
said lead; and, 

an outer shell that encloses said integrated 
circuit. 

19. The package as recited in claim 18, wherein 
said lead frame has a die paddle that supports said 
integrated circuit. 

20. The package as recited in claim 18, wherein 
said electrical device is located between a pair of 
leads. 
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21. The package as recited in claim 18, wherein 
said electrical device is an electrically passive 
element . 

22. The package as recited in claim 21, wherein 
said electrical device is a capacitor. 

23. A method for assembling an integrated circuit 
package, comprising the steps of: 

a) creating a'lead frame that has a finger which 
extends from a lead, said finger extending into an 
opening of said lead frame; and, 

b) pushing an electrical device into said lead 
frame opening so that said finger is deflected and said 
electrical device is pushed into contact with said lead. 

24. The method as recited in claim 23, further 
comprising the steps of mounting an integrated circuit 
to said lead frame and connecting said integrated 
circuit to said lead. 

25. The method as recited in claim 24, further 
comprising the step of encapsulating said integrated 
circuit with a plastic outer shell. 
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AMENDED CLAIMS 

[received by the International Bureau on 12 August 1996 (12.08.96); 
original claims 1-25 replaced by amended claims 1-21 (4 Pages)] 

1. A lead frame assembly for an electrical circuit 
package, comprising: 

a lead frame that has a pair of leads that are 
separated by an opening; and, 

an electrical device that has a top surface and a 
pair of side surfaces, said electrical device being 
inserted into said opening so that said side surfaces 
deflect said leads in a direction essentially parallel 
with said top surface of said integrated circuit. 

2. The assembly as recited in claim 1, wherein, 
said electrical device is pressed into said leads by a 
spring force of a finger that extends from said lead. 

3. The assembly as recited in claim 1, wherein 
said lead frame has a die paddle. 

4. The assembly as recited in claim 1, wherein 
said electrical device is an electrically passive 
element . 

5. The assembly as recited in claim 4, wherein 
said electrical device is a capacitor. 

6. An integrated circuit package, comprising: 
an integrated circuit that has a plurality of 

bonding pads; 

a lead frame that has a pair of leads that are 
separated by an opening; 

an electrical device that has a top surface and a 
pair of side surfaces, said electrical device being 
inserted into said opening so that said side surfaces 
deflect said leads. in a direction essentially parallel 
with said top surface of said integrated circuit; and, 
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an outer shell that encloses said integrated 
circuit. 

7. The package as recited in claim 6, wherein said 
electrical device is pressed into said leads by a spring 
force of a finger that extends from said lead. 

8. The package as recited in claim 6, wherein said 
lead frame has a die paddle that can support said 
integrated circuit. 

9. The package as recited in claim 6, wherein said 
electrical device is an electrically passive element. 

10. The package as recited in claim. 9, wherein 
said electrical device is a capacitor. 

11. A lead frame assembly for an integrated 
circuit package, comprising: 

an electrical device; and, 

a lead frame that has a pair of leads that are 
separated by an opening that receives said electrical 
device, said lead frame having a deflected finger that 
extends from one of said leads and that pushes said 
electrical device into contact with said lead. 

12. The assembly as recited in claim 11, wherein 
said lead frame has a die paddle. 

13. The assembly as recited in claim 11, wherein 
said electrical device is an electrically passive 
element . 

. 14. The assembly as recited in claim 13, wherein 
said electrical device is a capacitor. 
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15. An integrated circuit package, comprising: 
an integrated circuit; 

an electrical device; 

a lead frame that has a pair of leads that are 
connected to said integrated circuit and separated by an 
opening that receives said electrical device, said lead 
frame having a deflected finger that extends from one of 
said leads and that pushes said electrical device into 
contact with said lead; and, 

an outer shell that encloses said integrated 
circuit. 

16. The package as recited in claim 15, wherein 
said lead frame has a die paddle that supports said 
integrated circuit . 

17. The package as recited in claim 15, wherein 
said electrical device is an electrically passive 
element . 

18. The package as recited in claim 27, wherein 
said electrical device is a capacitor. 

19. A method for assembling an integrated circuit 
package, comprising the steps of: 

a) creating a lead frame that has a finger which 
extends from a lead, said finger extending into an 
opening of said lead frame; and, 

b) pushing an electrical device into said lead 
frame opening so that said finger is deflected and said 
electrical device is pushed into contact with said lead. 

20. The method as recited in claim 19, further 
comprising the steps of mounting an integrated circuit 
to said lead frame and connecting said integrated 
circuit to said lead. 
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21. The method as recited in claim 20, further 
comprising the step of encapsulating said integrated 
circuit with a plastic outer shell. 



AMENDED SHEET (ARTICLE 19) 



WO 96/30943 



1/3 



PCT/US96/01766 




SUBSTITUTE SHEET f RULE 2BV 



WO 96/30943 



PCI7US96/01766 



2/3 




56 50 



FIG. 3 




SUBSTITUTE SHEET (RULE 28) 



WO 96/30943 



PCT/US96/01766 



3/3 




INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/US96701766 



CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :H01L 23/12. 50; 23/48 
US CL : 257/666, 676; 437/ 206, 207. 209, 220 
According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 257/666. 676; 437/ 206. 207. 209. 220 



Documentation searched other than minimum documentation to the extent that such documents are 



included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP.A 06-021318 (HARA ) 28 January 1994, see Figure 1b. 



1 - 2, 4, 7 - 8, 
10, 13, 15, 18, 
20 



JP,A 04-317363 (NISHINO) 09 November 1992, Figures 1A 
and IB. 

US, A, 5,391 ,91 6 (KOHNO ET AL) 21 February 1 995, col. 2, 
line 45 to col. 5, line 11. 



3, 5 - 6 9, 11 - 
12, 14, 16- 17, 
19 and 21 - 25 

1 - 25 



| | Further documents a: 



n of Box C. See patent family annex. 



al default the leocral iuic of the an which m not co 



wbta the document ■ 



Date of the actual completion of the international search 



Date of mailing of the international search report 

10JUN1996 



Name and mailing address of the ISA/US 



Box PCT 

Washington. D.C. 20231 
Facsimile No. 



Authorized officer -\ 

i '* ■■ ' r- 

> Roy Potter f W 7 - ■•=* v 

Telephone No. 



